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(57) ABSTRACT

A method of manufacturing a stacked semiconductor device
having two or more wafers may include forming a conductor
on an upper wafer, the conductor configured to electrically
connect input terminals together that have no input protec-
tion circuit against ESD; forming front side micro-bumps on
a front side of the upper wafer, the front side micro-bumps
configured to electrically connect to back side micro-bumps
on the upper wafer; forming a TSV structure, the TSV
structure configured to facilitate electrical connections
between the front and the back side of the upper wafer;
forming back side micro-bumps on the back side of the
upper wafer, the back side micro-bumps configured to
electrically connect with front side micro-bumps on the
lower wafer; stacking the upper wafer on the lower wafer;
and separating the conductor such that each of the input
terminals are electrically independent from other ones of the
input terminals.

10 Claims, 14 Drawing Sheets
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MANUFACTURING METHOD OF
SEMICONDUCTOR DEVICE AND

SEMICONDUCTOR DEVICE

PRIORITY STATEMENT

This application is the national phase application under 35
U.S.C. §371 of PCT International Application No. PCT/
JP2013/078579 which has an International filing date of Oct.
22, 2013, which designated the United States of America,
and which claims priority to Japanese patent application
number JP 2012-232941 filed Oct. 22, 2012, the entire
contents of each of which are hereby incorporated herein by
reference.

1. TECHNICAL FIELD

Example embodiments relate to a method of manufactur-
ing a semiconductor device and/or a semiconductor device.

2. RELATED ART

Semiconductor memory and logic devices have been
highly integrated by miniaturizing their transistor sizes with
fine MOS processing technologies. Recently, it becomes
more difficult to realize further miniaturization of MOS
planer transistors or memory cells, which may require an
enormous amount of development cost for their research and
development. Three dimensional or stacked structure semi-
conductor devices are becoming popular and may increase
the total amount of MOS transistors and memory cells by
stacking two or more chips. In addition, through silicon via
(TSV) and a micro-bump technology, which enable electri-
cal communication, not only between the front and the back
side of the wafer, but also between the stacked wafers, have
helped rapid progress on miniaturization and productivity of
semiconductor devices.

FIG. 1a and FIG. 15 show a conventional stacked
dynamic random access memory (DRAM).

Referring to FIG. 1a, FIG. 1a is a cross sectional view of
the stacked DRAM. Two or more DRAM chips 17 are
stacked on a system on chip (SoC) 20 which is mounted on
an interposer or a circuit board 16. Both DRAM and SoC use
a silicon substrate 1 on which electrical components, such
as, transistors, and multi-layered electrical wirings 2 are
formed on the surface of the silicon. By increasing the
number of DRAM chips on the stacked DRAM, the memory
capacity of the stacked DRAM can be increased without
occupying a great deal of a print-circuit board space. The
backside of the silicon substrate 1 is thinned to make it easy
to have electrical connections between the front side and the
back side of the DRAM. Through-silicon via (TSV) 8
connects the front side to the backside electrically. Micro-
bumps 4 and 9 are formed on front sides and back sides of
each chips, respectively. Micro-bumps are usually formed
on a seed layer 3 to improve electrical conductivity between
the different materials used for the micro-bumps and contact
pads. In FIG. 1a, the micro-bump 4 has a seed layer 3. The
micro-bump 9 may have a seed layer 3, if necessary, but not
shown in the figure. Each chip is stacked by the adhesive
layer 11, and electrical connections between the chips are
enabled by contacting the micro-bumps 4 and 9. These
stacked chips are over coated by a protective layer 12. The
interposer 16, in this case, has solder-bumps 10 on its back
side in order to make electrical contacts with external
devices or wirings on a mounted circuit board.
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Stacking the DRAM chips with the TSV structure, lengths
of electrical wirings between the chips can be shortened,
which results a reduction of signal delay time or a load
capacitance, and results a higher data transfer rate. In
addition, comparing the conventional wire-bonding struc-
ture, the number of input and output terminals can be
increased with the TSV structure. The data width of more
than 32 bits, such as 512 bits, for example, can be integrated
which may enable higher data transfer with a slower clock
frequency or a lower power consumption.

Referring to FIG. 1.5, FIG. 15 is a plan view of the
stacked DRAM 17. Memory cell array blocks 18, and input
or output buffer circuits 19 including input protection cir-
cuits are formed on the silicon substrate. The memory cells
and these buffer circuits are not formed on the TSV portion
8 where the silicon substrate is etched away and a conduc-
tive material is refilled as shown in FIG. 1a. The TSV can
be placed not only on peripheral regions like a conventional
wire-bonding structure but on inside regions of the chip as
shown in FIG. 15.

The stacked structure explained above can increase the
memory and circuit density and/or the number of input and
output buffers 19. The area occupied by these buffers 19
including input protection circuits, however, becomes rela-
tively larger with increasing the number of input and output
terminals.

FIG. 2a shows a conventional input protection circuit 21
configured to protect against the electro-static discharge
(ESD) failures.

Referring to FIG. 2a, two p-n junction diodes D1, D2, and
a resistor R are formed between the contact PAD and input
buffer circuit 22. The two diodes will discharge electro-static
charges from PAD to the power line (VDD) or the ground
connections before the ESD failures will occur. The resistor
R will limit a peak current through the diodes. Input termi-
nals or PADs are exposed to their external environment such
as a high electro-static field of more than several hundreds
or thousands volts, for example, which will far exceed a
breakdown voltage of the thin insulator like a silicon dioxide
(Si0,) layer formed under the MOS transistor gate elec-
trode.

The number of input and output PADs can be increased
using the TSV structure instead of the wire-bonding tech-
nology. However, the area occupied by input protection
circuits will increase with increasing the number of input
PADs, which may eventually limit memory capacity on the
chip. Output buffers between the stacked devices may be
smaller than those of external output terminals because
electrical wiring lengths between the chips can be shortened
as explained above. The input protection circuit 21, on the
other hand, may not be able to be miniaturized in order to
maintain its immunity against the ESD failures.

FIG. 25 is a plan view of that schematically illustrates an
equivalent circuit diagram of a conventional bi-directional
input and output buffer circuit.

Referring to FIG. 24, external terminals or PADs may
often be bi-directional by having both input buffer 22 and
output buffer 23 functions to save the space for PADs. These
bi-directional terminals or PADs also need the input protec-
tion circuit 21 between the PAD and the input buffer circuit
22. Temperature and moisture are carefully monitored and
ESD risk is minimized inside the semiconductor fabrication
facility, but it is still difficult to stop all ESD phenomena.
High frequency or high voltage plasma processing used for
a high etching rate machine and high speed mechanical
wafer handling or polishing process, for example, may
increase ESD risk.
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To protect against ESD events, some TSV structures have
an ESD protection device for absorbing large voltages
resulting from ESD events. However, these TSV structures
need a p-n junction around the TSV which will need
additional manufacturing steps and more space between the
TSVs on the chip. The TSV with a junction diode may have
other problems like increases in p-n junction leakage current
and in capacitive load along the signal line.

SUMMARY

As for the stacked device hereinafter, the bottom chip may
be called as an interface chip which may communicate with
other devices or circuits by external terminals or pads. Chips
stacked on the interface chip, on the other hand, may not
need such external terminals or pads. Chips on and above the
interface chip may be called as inner chips which may not
be exposed to outside or external environment, and may
communicate only with its stacked neighboring chips. Each
input terminal on the inner chips may contact electrically
with each output terminal on the neighboring chips after
stacking the inner chip on the neighboring chip. During each
wafer or chip manufacturing process before stacking, how-
ever, input terminals on the inner chip or wafer, which are
exposed to external environment, may have ESD failures if
the input terminals have no input protection circuits.

According to the example embodiment, before the chip
staking process, input terminals having no input protection
circuits on an upper chip are kept under the same electrical
voltage level by electrically conductive means. After the
upper or inner chip being stacked on the lower chip or
interface chip, these input terminals are electrically sepa-
rated from each other by etching or cutting the said electri-
cally conductive means. These input terminals can work
independently and the circuits on the chip will work prop-
erly. Consequently, the input terminals having no input
protection circuits may be covered or connected by conduc-
tive means, which may prevent ESD failures even before the
upper chip being stacked on the lower chip. After stacking
the upper chip on the lower chip, the input terminals on the
upper chip are electrically connected with the output termi-
nals on the lower chip. Then these terminals are sandwiched
between two chips and are no longer exposed to the external
environment nor ESD.

According to the example embodiment, a seed layer may
be used as the conductive means under the micro-bumps to
cover the input terminal having no input protection circuits
on upper chip, which may keep these input terminals under
the same electrical voltage level. Before etching the seed
layer, the upper chip is stacked on the lower chip. After the
stacking process, the seed layer is etched away except under
the micro-bumps in order to separate each input terminals
such that the input terminals are electrically independent.
Consequently, the input terminals having no input protection
circuits on the upper chip are protected against the ESD
phenomena even before the chip stacking process owing to
the seed layer covering the surface of the upper chip. With
the method, neither additional process steps nor unique
process tools to prevent ESD are required. After stacking the
upper chip on the lower chip, the input terminal having no
input protection circuits on the upper chip are connected
with the output terminals on the lower chip face to face,
which may prevent ESD failures on the upper chip because
these terminals are sandwiched between two chips and are
neither exposed to the external environment nor ESD.

According to the example embodiment, manufacturing
method may further include forming a shunt wiring as the
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4

conductive means to electrically connect each input and
output terminals with a power supply and a ground termi-
nals. Then, an upper wafer where inner chips being formed
is stacked on a lower wafer. Next, the stacked wafers are cut
and the shunt wirings between the chips are separated such
that the input terminals are electrically independent. With
the method, the input terminals having no input protection
circuits on the chip may be protected against the ESD even
before the wafer stacking process. Neither additional pro-
cess steps nor unique process tools to prevent ESD failures
are required. After stacking the upper wafer on the lower
wafer, the input terminal having no input protection circuits
are connected with the output terminals on the other wafer
face to face, and are not exposed to the external environment
or ESD.

According to the example embodiment, the bottom chip is
an inter face chip, where the input terminals connecting with
the output terminals on the upper chip have no input
protection circuits, and where the input terminals exposing
to the external environment have input protection circuits.
With this configuration, the area for the input protection
circuits on the interface chip can be reduced, and ESD
failures can be prevented before the chip stacking process
and even after the production is completed.

According to the example embodiment, a shunt-wiring is
patterned in a meanders pattern so as to bridge neighboring
terminals and to cross the chip boundary with a single
stroke. With the manufacturing method using the meander
pattern, the shunt wiring may be cut and every terminal may
be separated each other even when the actual dicing position
is shifted from the original or normal scribe lines.

According to the example embodiment, the shunt-wiring
is structured as multi-wiring layers. The first shunt-wiring
structure is formed by patterning the nth metal layer (n is an
integer equal or larger than one), for example. The second
shunt-wiring structure, on the other hand, is formed by
patterning the n+1 th metal layer, for example. With this
configuration, the line space between the shunt wirings on
the same metal layer can be widened using metal wirings of
different metal layers, which will avoid short circuit troubles
between the neighboring shunt wirings on the same hierar-
chical level, and may be useful for semiconductor devices
with increasing their input and output terminals or the
number of TSVs. Conventionally, increases in the number of
terminals or shunt wirings, may result in electrical short-
circuits due to metal residues or incomplete breaks of shunt
wirings even after the wafer dicing process. In contrast, in
one or more example embodiments, these risks can be
decreased even when the actual dicing position is shifted
from the normal scribe lines.

According to an example embodiment, the manufacturing
method may include forming a shunt wiring on the top
wafer, where the top chips are formed, and forming a seed
layer under the micro-bumps which covers all over the input
terminal having no input protection circuits on the surface of
lower chips. After stacking the upper wafer on the lower
wafer, the seed layer is etched away except under the
micro-bumps. After stacking the top wafer, the stacked
wafers are then cut, and the shunt wirings between the chips
are separated such that the input terminals are electrically
independent. Consequently, the input terminals having no
input protection circuits on the top chip are protected against
the ESD even before the wafer stacking process by the shunt
wirings on the top chip. Neither additional process steps nor
unique process tools to prevent ESD failures are required. As
for the top wafer, it may not be necessary to form a seed
layer and micro-bumps on the front surface of the top chip.
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In addition, after stacking the top wafer on the lower wafer
face to face, the input terminal on the top chip having no
input protection circuits are connected with the output
terminals on the lower chip face to face, and are not exposed
to the external environment or ESD.

According to an example embodiment, the top chip may
be an image sensor, on which the shunt-wirings are formed
outside the image sensing area. With this configuration, in
addition to the above advantages, the manufacturing method
may include forming micro-lenses on the front surface of the
top image sensor chip, which may not be compatible with
the process steps of forming the seed layer and micro-bumps
on the same surface.

According to an example embodiment, the top chip may
be a back-side illuminated image sensor (BSI), where the
upside down top chip is stacked on the lower chip and has
no TSVs. Then, the shunt-wirings can be formed on the
opposite surface to the surface having a micro-lenses formed
thereon, regardless of the image sensing area. With this
configuration, in addition to the above advantages, the
manufacturing method may include forming the micro-
lenses on the top surface of the image sensor chip, which
may not be compatible with the process steps of forming the
seed layer and micro-bumps on the same surface, and can
increase the effective image sensing area on the top surface
of the image sensor chip.

According to an example embodiment, manufacturing
method may include forming a shunt wiring on the bottom
wafer, where interface chips are formed, and forming a seed
layer under the micro-bumps which covers all over the input
terminal having no input protection circuits on the upper
wafer, where upper chips are formed. After stacking the
upper chip on the interface chip, the seed layer is etched
away except under the micro-bumps. After stacking the top
wafer, the stacked wafers are then cut, and as a result, the
shunt wirings between the interface chips are separated as
the input terminals being electrically independent. With the
method, the input terminals having no input protection
circuits on the interface chip are protected against the ESD
even before the wafer stacking process by the shunt wirings
on the bottom wafer. Neither additional process steps nor
unique process tools to prevent ESD failures are required.
After stacking the upper wafer on the bottom wafer face to
face, the input terminal on the bottom chip having no input
protection circuits are connected with the output terminals
on the upper chip, and are not exposed to the external
environment or ESD. In addition, without the input protec-
tion circuits on the front surface of the bottom chip, more
circuits or memory cells can be integrated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a cross sectional view of that schematically
illustrates a conventional stacked DRAM.

FIG. 15 is a plan view that schematically illustrates a
conventional stacked DRAM.

FIG. 2a is a plan view that schematically illustrates an
equivalent circuit diagram of a conventional input protection
circuit.

FIG. 254 is a plan view that schematically illustrates an
equivalent circuit diagram of a conventional bi-directional
input and output buffer circuit.

FIG. 3a and FIG. 34 are flow charts outlining a method for
manufacturing process according to at least one example
embodiment.
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FIG. 4a to FIG. 4i are cross sectional views that sche-
matically outline a method for manufacturing process
according to at least one example embodiment.

FIG. 5a is a cross sectional view that schematically
illustrate a stacked DRAM obtained by a manufacturing
method according to at least one example embodiment.

FIG. 554 is a perspective view that schematically illustrates
a stacked DRAM wafers obtained by a manufacturing
method according to at least one example embodiment.

FIG. 6a and FIG. 65 are flow charts outlining a method for
manufacturing process according to another example
embodiment.

From FIG. 7a to FIG. 7h are cross sectional views that
schematically outline a method for manufacturing process
according to another example embodiment.

From FIG. 8a to FIG. 8¢ are plan views that schematically
illustrate shunt wiring layouts on each wafer used by at least
one example embodiment.

FIG. 9a is a cross sectional view that schematically
illustrates a stacked image sensor obtained by a manufac-
turing method according to at least one example embodi-
ment.

FIG. 95 is a cross sectional view that schematically
illustrates another stacked image sensor obtained by a manu-
facturing method according to at least one example embodi-
ment.

FIG. 10 is a flow chart outlining a method for manufac-
turing process according to yet another example embodi-
ment.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

Example embodiments will now be described more fully
with reference to the accompanying drawings, in which
some example embodiments are shown. In the drawings, the
thicknesses of layers and regions are exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

Detailed illustrative embodiments are disclosed herein.
However, specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments. Example embodiments may be
embodied in many alternate forms and should not be con-
strued as limited to only those set forth herein.

It should be understood, however, that there is no intent
to limit this disclosure to the particular example embodi-
ments disclosed. On the contrary, example embodiments are
to cover all modifications, equivalents, and alternatives
falling within the scope of the example embodiments. Like
numbers refer to like elements throughout the description of
the figures.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
element, without departing from the scope of this disclosure.
As used herein, the term “and/or,” includes any and all
combinations of one or more of the associated listed items.

It will be understood that when an element is referred to
as being “connected,” or “coupled,” to another element, it
can be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
element is referred to as being “directly connected,” or
“directly coupled,” to another element, there are no inter-
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vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between,” versus “directly between,” “adja-
cent,” versus “directly adjacent,” etc.).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the,” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “comprising,”
“includes,” and/or “including,” when used herein, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

It should also be noted that in some alternative imple-
mentations, the functions/acts noted may occur out of the
order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

Various example embodiments will now be described
more fully with reference to the accompanying drawings in
which some example embodiments are shown. In the draw-
ings, the thicknesses of layers and regions are exaggerated
for clarity.

Although corresponding plan views and/or perspective
views of some cross-sectional view(s) may not be shown,
the cross-sectional view(s) of device structures illustrated
herein provide support for a plurality of device structures
that extend along two different directions as would be
illustrated in a plan view, and/or in three different directions
as would be illustrated in a perspective view. The two
different directions may or may not be orthogonal to each
other. The three different directions may include a third
direction that may be orthogonal to the two different direc-
tions. The plurality of device structures may be integrated in
a same electronic device. For example, when a device
structure (e.g., a memory cell structure or a transistor
structure) is illustrated in a cross-sectional view, an elec-
tronic device may include a plurality of the device structures
(e.g., memory cell structures or transistor structures), as
would be illustrated by a plan view of the electronic device.
The plurality of device structures may be arranged in an
array and/or in a two-dimensional pattern.

FIG. 3a and FIG. 34 are flow charts outlining a method for
manufacturing process according to at least one example
embodiment. FIG. 4a to FIG. 4i are cross sectional views
that schematically outline a method for manufacturing pro-
cess according to at least one example embodiment.

Referring to FIGS. 3a to 4i, a stacked semiconductor
device manufacturing process flow chart is illustrated in two
separate sheets of FIGS. 3a and 356 according to example
embodiments. The stacked semiconductor device manufac-
turing process is also illustrated as cross sectional views of
nine separate figures of FIGS. 4a through 4i.

In operations S101 and S103, active elements like MOS
transistors (not shown in the figures) are formed on a silicon
substrate 1, and a multi-wiring layer 2 is formed above the
active elements.

In operation S105, as, an electrical conductor (or, alter-
natively, an electrically conductive means), a front seed
layer 3 of compounds including gold (Au), tungsten (W) and
titanium (Ti), or titanium (Ti) and copper (Cu) is formed by
a chemical vapor deposition (CVD) or a target sputtering,
for example.
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In operation S107, a micro-bump pattern is formed by a
resist coating and development, for example. A front bum
layer including tin (Sn) and silver (Ag) is formed by
electro-chemical plating, for example.

In operation S109, the resist micro-bump pattern is
removed and micro-bumps 4 are formed on the seed layer 3.

Thereafter, in operation S111, without patterning and
etching the seed layer 3, a supporting plate 5 is attached on
the front side of the silicon substrate by an adhesive layer 6.

In operation S113, The back side of silicon substrate is
thinned by chemical mechanical polishing (CMP) or other
physical or chemical etching methods, for example.

In operations S115 and S117, as illustrated in FIG. 4c, to
form the through-silicon vias, a resist pattern 7 is formed on
the backside of the thinned silicon substrate in order to form
silicon trenches. The back side of the silicon is etched with
the resist pattern mask by reactive ion etching (RIE) to form
the through silicon via.

In operation S119, the resist 7 is removed, and non-
conductive layers like CVD silicon dioxide (not shown in
the figures), for example are formed on the side walls of the
trenches. The trenches are plugged (for example, filled) with
conductive materials like a metal alloy including copper
(Cu), for example to form TSV structure 8 illustrated in FIG.
4d.

In operation S121, back side micro-bumps 9 including
gold (Au) and nickel (Ni), for example, are formed on the
refilled TSVs 8 as shown in FIG. 4e. Conductive materials
as pads or seed layers (not shown in the figures) may be
inserted between the back side micro-bumps 9 and the TSVs
8 in order to improve interface characteristics like ohmic
contacts between the back side micro-bumps 9 and the TSVs
8.

As described above (FIG. 4a through FIG. 4e), a seed
layer 3 covers silicon substrate 1 on which active elements
are formed. With such a configuration and a manufacturing
process thereof, ESD failures of the MOS input structure are
prevented without input protection circuits under the harsh
condition of high voltage or high frequency plasma, and
mechanical or chemical polishing for TSV formation and
wafer thinning, for example.

In operations S123 through S129, as illustrated in FIGS.
4f through 4i, chips may be stacked in a chip stacking
process.

The first chip 101 is the interface chip which has solder
bumps 10 on the back side micro-bumps 9 (not shown in this
figure) of the backside of the first chip 101. Each input
terminal, which is electrically connected with a solder bump
10, may have an input protection circuit. The input terminals
on the front side of the first chip 101, in this case, may also
have input protection circuits because the seed layer 3 is
etched away except under the micro-bumps 4 before the
upper inner chip 102 being stacked.

In operation S123, the second chip 102 is stacked on the
first chip 101 such that the back side micro-bumps 9 on the
second chip 102 contact with the micro-bumps 4 on the first
chip.

In operation S125, then the supporting plate 5 is peeled off
as shown in FIG. 4f, where FIG. 4f illustrates the semicon-
ductor device of FIG. 4e upside down.

In operation S127, as shown in FIG. 4g, the seed layer 3,
except the region under the micro-bumps 4, may be elec-
trically separated by etching.

Similarly, in operation S129, the third chip 103 may be
stacked on the second chip 102.

In operations S131 and S133, after stacking the top chip,
the front seed layer 3 is removed and a protective layer 12
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may be overlaid on the surface of the top chip so as to
complete the final device 100, as shown in FIG. 4A.

In the figures, the third chip 103 may be the top chip,
however example embodiments are not limited thereto. For
example, a fourth, fifth or more chips can be stacked on
successively.

Regarding the top chip, the micro-bumps 4 may not be
necessary to form on the seed layer 3 because another chip
will not be stacked on the top chip any more. Therefore, the
seed layer 3 on the top chip may be entirely etched away
after the stacking process as shown in FIG. 4i.

The above embodiment is applied not only to the diced
semiconductor chips but also to the semiconductor wafers as
shown in FIG. 5a.

FIG. 5a is a perspective view of stacked wafers 200. FIG.
5b is a cross-sectional view of a stacked device 300 obtained
after dicing the stacked wafers 200.

Referring to FIGS. 5a and 55, a plurality of wafers are
stacked to form a stacked wafer 200. For example, a second
wafer 202 is stacked on a first wafer 201. Similarly, third
203, fourth 204, fifth 205, and sixth 206, or more wafers are
stacked successively.

Each of the wafers has an array of chips formed thereon.
For example, as illustrated in FIG. 54, arrays of first 301,
second 302, third 303, fourth 304, fifth 305 and sixth 306
chips are formed on each of the wafers 201 to 206, respec-
tively, shown in FIG. 5a.

The solder bumps 10, which may electrically contact with
other devices, are formed on the backside of the first chip
301 formed on the bottom wafer 201. As explained above,
each chip has the TSV structure 8, the seed layer 3, and the
micro-bumps 4 and 9. After stacking all the wafers, each
stacked device 300 is cut out from the stacked wafer 200.

The inner devices such as wafers from 202 to 206, and
chips from 302 to 306 may be DRAMs, static random access
memories, non-volatile memories, logic devices and various
sensors, or these mixed devices, for example. The interface
chip 301 may have some control circuits, memory elements,
interface circuits, and input and output terminals having
input and output buffers, respectively.

The stacked semiconductor device manufacturing method
as described above effectively prevents ESD failures both
during its manufacturing process and even after shipping or
in the field. Input terminals on the interface chip, which may
be exposed to external environment, may have input pro-
tection circuits against ESD. Input terminals of the inner
chip may have much lower ESD risk because they may not
be exposed to external environment. Therefore, input pro-
tection circuits may not be necessary to be integrated around
the input terminals inner chips. Reducing the area of input
protection circuits on inner chips, more circuits or memory
cells could be integrated.

A stacked semiconductor device manufacturing process
flow chart is illustrated in two separate sheets of FIGS. 6a
and 6b according to example embodiments. The stacked
semiconductor device manufacturing process is also illus-
trated as cross sectional views of nine separate figures from
FIGS. 7a to 7h.

Referring to FIGS. 6a to 74, in operation S201, active
elements like MOS transistors (not shown in the figures) are
formed on a silicon substrate 1.

In operation S203, multi-wiring layer 2 having a shunt-
wiring pattern 13 is formed on the region where active
elements are formed. As an electrical conductor (or, alter-
natively, an electrically conductive means), the shunt-wir-
ings, which are formed by pattering the multi-wiring layers,
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10
may electrically connect input, output, power supply
(VDD), and ground (GND) terminals to each other across
the chips, for example.

A seed layer made of gold (Au), tungsten (W) and
titanium (Ti) compound, or titanium (Ti) and copper (Cu)
compound, for example, is formed by a plasma-sputtering
on the multi-wiring layer 2.

Thereafter, in operation S205, as illustrated in FIG. 7a,
micro-bumps 4 including tin (Sn) and silver (Ag), for
example, are formed on the seed layer 3 by electro and/or
chemical plating followed by the micro-bump pattering. The
front micro-bumps are formed by removing the seed layer 3,
except under the micro-bumps 4, by plasma etching, for
example.

In operation S211, a supporting plate 5 is attached on the
front side of the silicon substrate by an adhesive layer 6.

In operation S213, as illustrated in FIG. 75, the back side
of silicon substrate is thinned by chemical mechanical
polishing (CMP) or other physical or chemical etching
methods, for example.

In operation S215, on the backside of the thinned silicon
substrate, a resist pattern 7 is formed in order to form silicon
trenches.

In operation S217, as illustrated in FIG. 7¢, then the back
side of the silicon is etched with the resist pattern mask 7 by
a reactive ion etching (RIE) to form the through silicon via.

In operation S219, as illustrated in FIG. 7d, the resist 7 is
removed, non-conductive layers like CVD silicon dioxide
(not shown in the figures), for example are formed on the
side walls of the trenches. The trenches are plugged (or,
alternatively, filled) with conductive materials like a metal
alloy including copper (Cu), for example to form TSV
structure 8.

In operation S221, as illustrated in FIG. 7e, back side
micro-bumps 9 including gold (Au) and nickel (Ni), for
example are formed on the refilled TSVs 8. Conductive
materials as pads or seed layers (not shown in the figures)
may be inserted between the back side micro-bumps 9 and
the TSVs 8 in order to improve interface characteristics like
ohmic contacts between the back side micro-bumps 9 and
the TSVs 8.

As described above (from FIGS. 7a to 7e), the shunt-
wiring patterns 13 connect electrically at least input termi-
nals of the MOS device with the power supply and the
ground lines. With such a configuration and a manufacturing
process thereof, ESD failures of the MOS input structure are
reduced without input protection circuits under the harsh
condition of high voltage or high frequency plasma, and
mechanical or chemical polishing for TSV formation and
wafer thinning, for example.

In operations S223 to S229, as illustrated in FIGS. 7fto
7h, the chips may be stacked in a chip stacking process.

The first chip 501 is the interface chip which has solder
bumps 10 on the backside of the first chip 501. Each input
terminal, which is electrically connected with a solder bump
10, may have an input protection circuit. The input terminals
on the front side of the first chip may not have input
protection circuits but may connect with the shunt wirings
13.

In operation S223, the second chip 502 may be stacked on
the first chip 501 such that the back side micro-bumps 9 on
the second chip 502 contact the micro-bumps 4 on the first
chip.

In operation S223, as illustrated in FIG. 7f, then the
supporting plate 5 is peeled off.
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In operation S229, based on whether another chip is
stacked, operations S223 and S225 may be repeated to stack
another chip, for example, a third chip 503 on the second
chip 502.

In operation S235, after stacking the top chip, a protective
layer 12 may be overlaid on the surface of the top chip and
the solder bumps 10 are formed on the backside of the first
wafer 501.

In operation S237, then, the stacked wafers are diced as an
electrically separating means, at the position indicating by
the dashed line A-A' by a mechanical blade or a laser saw
dicing machine, for example, so as to obtain the final device
500, as shown in FIGS. 7g and 7A.

In the figures, the third chip 503 may be the top chip,
however, example embodiments are not limited thereto. For
example, a fourth, fifth and more chips can be stacked on
successively. Regarding the top chip, the seed layer 3 and the
micro-bumps 4 may not be necessary to form on the front
side of the chip because another chip will not be stacked on
the top chip anymore, and the input terminals without input
protection circuits are connected with the shunt-wiring 13 as
shown in FIG. 7h.

The stacked semiconductor device manufacturing meth-
ods that are capable of manufacturing stacked semiconduc-
tor devices preventing from ESD failures even before the
input terminals to be electrically connected with the output
terminals of the facing chip to be stacked. Input protection
circuits are not integrated around the input terminals, which
may allow for an increased circuit or memory density
because the reduction in the input protection circuits may
increase a usable area on chip.

The input terminals on the interface chip 501, which
connect with the output terminals on the upper chip 502,
may not have input protection circuits. The input terminals
connecting with solder bumps 10, which are exposed to the
external environment, may have input protection circuits on
the interface chip 501. With this configuration, the area for
the input protection circuits on the interface chip can be
reduced, and ESD failures may be prevented even before the
chip stacking process and after the production completed.

Plane views of the shunt-wiring structure around the chip
corners among the four chips are shown in FIGS. 8a, 85 and
8¢ according to the example embodiments.

Referring to FIGS. 8a to 8¢, the shunt-wiring is made of
low resistivity metal like aluminum (Al), copper (Cu), or
their compound, for example, and formed using the shunt-
wiring resist pattern during the same manufacturing process
of a multi-wiring layer 2.

As shown in FIG. 8a, shunt-wirings 13 crossing the chip
boarders or on the scribe area 14-1 electrically connect input
and output terminals, ground (GND), and power supply
terminals (VDD) on the TSV 8. With this shunt-wiring
structure, all the terminals including the input terminals
without input protection circuits are kept under the same
electrical potential, which may prevent ESD failure even
before the wafer dicing process. The shunt wiring 13 cross-
ing the scribe area 14-1 may be cut by the wafer dicing saw,
and, thus the shaded region along the scribe area 14-1, may
be lost.

In FIG. 8b, the shunt-wiring 13 is patterned to bridge
neighboring terminals and to cross the chip boundary 14-2
by patterning the shunt-wiring 13 in a single stroke or
meander pattern. With this shunt-wiring pattern, the shunt
wiring 13 may be cut and every terminal may be discon-
nected from each other even when a position of dicing saw
shifts from the original scribe line 14-2.
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The shunt-wiring structure shown in FIG. 8¢ includes
multi-wiring layers. The shunt-wiring 13-1 is formed by
patterning the nth metal layer (n is an integer equal or larger
than one), for example. The shunt-wiring 13-2, on the other
hand, is formed by patterning the n+1th metal layer, for
example. In addition, two long horizontal and vertical par-
allel shunt wirings 13-1 and 13-2 are placed between the
chips. The scribe lines 14-2 run just between these two long
shunt-wirings. Each short shunt-wiring of 13-1, which is
made of nth metal layer, for example, runs across the scribe
line 14-2 and below the shunt-wiring 13-2. Each short
shunt-wiring of 13-2, which is made of n+1th metal layer,
for example, runs across the scribe line 14-2 and above the
shunt-wiring 13-1. According to the example embodiment,
the line space between the shunt wirings can be widened
using multi-layer metal wirings, which may avoid short
circuit troubles between the neighboring shunt wirings, and
may be useful for semiconductor devices having an
increased number of input and output terminals or the
number of TSVs. Conventionally, increasing the number of
terminals or shunt wirings, may cause electrical short-
circuits due to metal residues or incomplete breaks of shunt
wirings even after the wafer dicing process. In contrast, in
one or more example embodiments, these risks can be
decreased even when the actual dicing position is shifted
from the desired (or, alternatively, the predetermined) scribe
lines 14-2.

FIG. 9a shows a cross sectional view of another stacked
semiconductor device 700 according to example embodi-
ments.

Referring to FIG. 9a, semiconductor chips 701, 702, and
703 are stacked on an interposer 16, successively. The chips
701, 702, and 703 are, for example, a memory chip, a signal
processing chip and a front side illuminated image sensor,
respectively. Micro-lenses 15 are formed on the front side of
the image sensor chip 703. The sensor driving circuits, input
and output terminals (not shown in this figure), and a
multi-wiring layer 2 are also formed on the front side of the
image sensor chip 703. As explained above, the TSV struc-
ture is formed to have electrical contacts with the underneath
chip 702.

It may be difficult to form a seed layer or micro-bumps on
the top chip 703 because the micro-lenses 15 is formed on
the top chip 703. The example embodiment of the manu-
facturing method explained above may be introduced as for
the top chip 703. The input and output terminals, power
supply (VDD) and the ground (GND) terminals, which are
kept same potential level by shunt-wirings 13 before dicing,
may be formed at the periphery of the front side of the top
chip 703. This manufacturing method is capable of manu-
facturing stacked semiconductor devices with high produc-
tion yields and high product reliability and higher circuit and
memory density, and higher pixel numbers to be integrated
on chip. This configuration may be useful for the stacked
devices including different types of semiconductor chips.

FIG. 96 shows a cross sectional view of yet another
stacked semiconductor device 800 according to example
embodiments.

Referring to FIG. 95, semiconductor chips 801, 802, and
803 are stacked on the interposer 16, successively. The chips
801, 802, and 803 are, for example, a memory chip, a signal
processing chip and a back side illuminated image sensor
(BSI), respectively. Micro-lenses 15 are formed on the back
side of the top chip 803 because the top chip is a BSI. The
sensor driving circuits, input and output terminals (not
shown in this figure), and a multi-wiring layer 2 are formed
on the front side of the image sensor chip 803 without the
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TSV structure. It may be difficult to form a seed layer on the
top surface of the BSI because the micro-lenses 15 is formed
on the BSI 803. As explained above, the shunt wirings 13 are
formed on the top chip 803. The location or layout of the
micro-bumps 4 of the top chip 803 is not limited to the chip
peripheral region because the sensor driving circuits, input
and output terminals (not shown in this figure), and a
multi-wiring layer 2 are formed on the opposite side of the
image sensing area, where no micro-lenses 15 are formed.

Stacked semiconductor device manufacturing process
flow chart is illustrated in FIG. 10 regarding the stacked
semiconductor devices as shown in FIGS. 94 and 95, for
example.

Referring to FIG. 10, on operation S401, the stacked
semiconductor device manufacturing process flow of opera-
tions S101 to S131 disclosed in FIGS. 3a and 35 may be
utilized to form the inner chips, such as memory devices and
digital logic devices, for example, which may have highly
integrated memory cells or logic circuits with a large number
of input and output terminals.

In operation S402, the stacked semiconductor device
manufacturing process flow of operations S201 to S221
disclosed in FIG. 6a may be utilized to form the top chip, on
the other hand.

Next, in operations S322 and S325, the upper chip is
stacked on the lower chip, and the supporting plate is
removed thereafter.

In operations S335, S337 and S339, the solder bumps are
formed on the backside of the bottom chip (S335), the
stacked wafers are diced and the final back-end process is
performed.

In the case of an image sensor, for example, in operation
S334, micro-lenses are formed on the surface of the top chip
prior to operation S335. As mentioned above, it may be
difficult to form a seed layer or micro-bumps on the top
surface of the top chip because the micro-lenses are formed
without micro-bumps. With this configuration and manufac-
turing method, the seed layer and the micro-bump formation
process on the surface of the top chip is not necessary, and
thus can be eliminated.

Similarly, in operation S402, the stacked semiconductor
device manufacturing process flow of operations S201 to
8221, disclosed in FIG. 6a, may be utilized to form the
bottom chip. The bottom chip may be exposed to external
environment before stacking the upper chip. In addition, the
seed layer on the bottom chip can’t be etched away after the
upper chip is stacked.

With this configuration and manufacturing method, input
protection circuits around the input terminals on the front
surface of the bottom chip can be eliminated. Even though
input protection circuits are not integrated for the input
terminals, which are connected with the output terminals on
the upper chip, may be kept under stable electrical potential
level even before the wafer stacking process or during the
front-end process and protected against ESD. The fabrica-
tion methods as disclosed above may also enable higher
circuit or memory density, and wider data or address bits of
input and output terminals owing to the reduced input
protection circuit area.

With fabrication methods according to example embodi-
ments, different types of semiconductor devices like DRAM,
SoC and sensing devices can be stacked, and the MOS
transistor input gates on the chips may be protected against
ESD with small form factors with higher production yields.
Type of the TSV structure, micro-bump materials and pro-
cess flows explained above may not be limited to the
example embodiments disclosed above.
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I claim:

1. A method of manufacturing a stacked semiconductor
device including two or more wafers, the two or more wafers
including at least an upper wafer and a lower wafer, the
method comprising:

forming active elements on the upper wafer;

forming a conductor on a front side of the upper wafer, the

conductor configured to electrically connect terminals
including a ground and a power supply together with
input terminals that have no input protection circuit, the
input protection circuit being a circuit configured to
absorb voltages resulting from electro-static discharge
(ESD) events;

forming front side micro-bumps on the front side of the

upper wafer;

forming a through silicon via (TSV) structure, the TSV

structure configured to facilitate electrical connections
between the front side and a back side of the upper
wafer;

forming back side micro-bumps on the back side of the

upper wafer, the back side micro-bumps configured to

electrically connect with the TSV structure and front

side micro-bumps on a front side of the lower wafer;
stacking the upper wafer on the lower wafer; and

separating the conductor such that the input terminals
are electrically independent from each other.

2. The method of claim 1, wherein

the forming a conductor includes forming a seed layer on

the upper wafer,

the forming front side micro-bumps includes forming

front side micro-bumps on the front side of the upper
wafer before stacking the upper wafer on the lower
wafer, and

the separating includes etching the seed layer after stack-

ing the upper wafer on the lower wafer.
3. The method of claim 1, wherein the forming conductor
includes forming a shunt-wiring on the upper wafer, and the
separating includes dicing the shunt-wiring after stacking
the upper wafer on the lower wafer.
4. The method of claim 1, further comprising:
forming a bottom wafer having interface chips and input
terminals, which connect with output terminals on the
upper chip, thereon without input protection circuits,

the input protection circuits being circuits configured to
absorb voltages resulting from ESD events.

5. The method of claim 3, wherein forming the shunt-
wiring comprises: patterning a shunt-wiring pattern such
that the shunt-wiring pattern has meandering pattern.

6. The method of claim 3, wherein the shunt-wiring has
multi-layered structure.

7. The method of claim 1, wherein the forming a con-
ductor includes forming a shunt-wiring on a top wafer of the
two or more wafers such that a seed layer is not formed
thereon.

8. The method of claim 7, further comprising: forming
image sensor chips on the top wafer.

9. The method of claim 8, wherein an image sensor
associated with the image sensor chips is back-side illumi-
nated type image sensor.

10. The method of claim 4, further comprising:

forming a shunt wiring on the bottom wafer having the

interface chips formed thereon; and

dicing the shunt wiring after stacking the upper wafer on

the lower wafer.
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